Transmission electron microscopy
Muscle fragments were fixed with Karnovsky's solution for 24 hours, post fixed with 1% osmium tetroxide (at 4ºC), dehydrated in acetone and embedded in epoxy resin (EMS 812). Ultra-thin sections (20-60nm) were stained with 2% uranyl acetate (25min) and 2% lead citrate (7min) prior to observation with a transmission electron microscope (Zeiss, Leo 906).
Hormonal analysis
Blood samples were centrifuged at 5,000 rpm for 10 min at 4°C. The plasma was collected and the total testosterone was measured by chemi-luminescence in the Alvet Laboratory (Sorocaba, SP, Brazil).
Western blotting
Muscle samples were weighed and homogenized for 1 min with a Polytron homogenizer (Kinematica, Lucerne, Switzerland) in 200µL of a lysis buffer containing 150mM NaCl, 1% Triton X-100, 10mM Tris pH 7.4, 1mM EDTA, 1mM EGTA, 1mM Hepes pH 7.6, 2mM sodium vanadate, 0.2mM PMSF, 2mg/ml leupeptin, 2mg/ml aprotinin [17] and centrifuged at 10,000xg for 10min.
Protein concentration in the supernatant was determined using Bradford's reagent (Bio-Rad Laboratories, Hercules, CA) and 50µg of protein were resolved by SDS-PAGE using 10% gels under reducing conditions. Briefly, proteins were electro-transferred to nitrocellulose membranes (Hybond-ECL, Amersham Biosciences), which were subsequently blocked with TBS-T containing 5% non-fat milk and probed with the antibody anti-androgen receptor (Cat. 06-680; Millipore) diluted at 1:500 in TBS-T containing 1% non-fat milk, followed by HRP-conjugated goat anti-rabbit IgG (Cat. A-6154; Sigma Chemical Co.). The bands were developed using enhanced chemioluminescent substrate (Santa Cruz Biotechnology) and Kodak X-Omat films. The gels were stained with Coomassie Blue and the band corresponding to the molecular weight of tubulin (55 kDa) was quantified to verify the quantity of protein loaded in the gels. Quantification of the AR bands was made by measuring the optical densities using the Scion Image software version 4.0.
Determination of fiber type and morphometry
The middle portion of the muscle was separated, oriented in a mixture of tragacanth gum (Sigma-G1128) and Tissue-Tek embedding compound (EMS, cat. 62550-01), immediately frozen in isopentane, cooled to -156°C in liquid nitrogen, and stored at -70°C until ready to use. Cross sections (12m thick) were obtained in a cryostat, collected on coverslips and stored at -40°C until processing. Fiber types were identified using the myofibrillar adenosine triphosphatase (mATPase) identification following incubation at different pH: 4.2, 4.5 [18] and 10.6 [19] (Fig. 1) . Three digital frames of each muscle section, obtained at pH 4.5, were selected, according to [20] . These were photographed and mounted as a plate. This plate was used as a guide to identify the pure fiber types (I, IIA, IIB and IID) from sections obtained at pH 4.2, 4.5 and 10.6. Image Pro-Plus software (Media Cybernetics, Inc.) was used to calculate the cross-sectional areas of muscle fibers using a BX50 Olympus light microscope. The same three frames used for fiber-type determination were used and all muscle fibers within these fields were evaluated.
Stereology
Capillaries were identified in the same cross section fields used for fiber-type determination. The number of capillaries per unit area (capillary density, CD=capillaries/mm2) was measured. The capillary and fiber densities were
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DOI: 10.9790/3008-1104033945 www.iosrjournals.org 41 | Page obtained by the stereological methods described previously [21] . The stereological analysis used a test-system with 112-testpoints in a known area. The volume densities of the structures were estimated as (1) Vv[structure]= PP[structure]/PT, where PP is the number of points that were superimposed over the structure and PT is the total number of test-points contained in the area surrounded by the frame. Muscular vascularization was calculated by the ratio of capillary volume density and fiber volume density [22] . The number and volume of mitochondria were determined using electron micrographs of the fibers at 10,000x magnification. All mitochondria were counted in each image, whereas their volume density was calculated using a 140 testpoint-grid [21] . The results were expressed as the ratio of mitochondrial volume density and mean fiber cross-section area.
Statistics
The statistical analyses were performed using the software Statistica (v 8.0) (Tulsa, OK, USA). All data were presented as mean ± SD and the significance level was set as 5%. The statistical comparisons among control and treated groups were made using one-way ANOVA followed by the post hoc test of Duncan. In addition, two-way ANOVA was used, when appropriate, to determine how H. tomentosa treatment and/or exercise training affected the results, and whether there was interaction between these two conditions. III.
Results

Biometry and hormonal analysis
Body mass increased in all groups during the treatment. Both trained groups gained less weight than the sedentary ones, although there were no alterations of the EDL weight ( Table 1 ). The sedentary animals treated with H. tomentosa (HS) showed the highest testosterone levels (Table 1) . 
Western blotting
The Western blotting analysis showed a significant increase in the AR protein concentration in EDL muscle of HS group (Fig. 2 ).
Fiber type and morphometry
The fiber types phenotype did not change among groups (Fig. 3a) . However, we observed a trend towards the transformation of the IIB IIA fiber types in the trained groups. The fiber's area was not altered after the plant intake, however the association of the infusion with the endurance training induced a positive effect, with the highest mean cross-sectional area of muscle fibers (p=0.032) (Fig. 3b) . 
Stereology
The capillary volume density increased in the HT group (p<0.05). No alterations were observed in the capillary and mitochondria numbers and the fiber volume density (data not shown). The intramuscular vascularization increased after training, however it was significantly higher in HT group compared with the CS (Fig. 4a) . The mitochondria volume density was significantly higher in HT group (Fig. 4b) . 
IV. Discussion
This study was designed to verify the effect of H. tomentosa upon the skeletal muscle fibers of adult male Wistar rats submitted to endurance training. We evaluated alterations of testosterone levels, the expression of androgen receptors, the types and ultrastructure of fibers from the extensor digitorum longus muscle from animals treated with the plant infusion and submitted or not to the endurance training. Many authors have investigated the effect of exercise in the endocrine system. While some studies demonstrated that endurance training does not lead to lower total testosterone levels in athletes [23, 24] , others have clearly shown that hormone levels vary during training [25] [26] [27] . These contradictory results can be explained by the dependence of such reactions on many different factors such as intensity, duration and type of exercises, as well as the level of the athletes' training [26] .
The long term intake of H. tomentosa infusion significantly increased serum testosterone levels even in sedentary animals, the same behavior observed for the androgen receptors (AR) concentration. These findings explain the higher weight of the prostate and seminal vesicles, as well as the higher spermatogenic yield described by Gomes et al. [13] for the same animals. Interestingly, increasing of hormonal parameters did not induce muscle mass gain in response to the exercise load, as it was expected [28, 29] . The association between plant infusion and physical exercise did not alter testosterone levels, as also occurred in control trained animals, which corroborates the results observed for athletes under endurance exercise [23, 30] .
Endurance training can induce antagonistic stimulus to increase whole muscle cross-section area, and even a higher concentration of hormones and receptors [31] . Supporting this theory, molecular biology studies showed the concurrent adaptive mechanisms in skeletal muscle transcription signal pathways when different kinds of exercise stimulus where present [32] . Applying those concurrent training concepts in our results, it is possible to assume that our training program was able to induce classic aerobic adaptations, such as increased mean area of oxidative muscle fiber, capillary and mitochondrial volume density without increasing final muscle mass [33, 34] .
Endurance training can induce up-regulation of adenosine monophosphate-activated kinase -peroxisome proliferator activated receptor gamma coactivator-1 (AMPK-PGC-1) pathway, at the same time as it can down-regulate the Akt/protein kinase B-mammalian target of rapamycin-p70S6 kinase (Akt-mTOR-S6K) pathway, very much involved in strength training response [35] . This difference in signaling pathway activation could be one of the possible explanations for specific aerobic adaptations derived from our eleven week training program.
There is considerable evidence supporting that endurance training usually results in increased mitochondrial content and capillary density instead of altering whole muscle cross-section areas [31, 36] . Considering the muscle crosssection area, the anabolic effect associated to the plant infusion administration was related to the most recruited fibers (type I), supporting the well described event of selective fiber hypertrophy [37] . Changes in the cross-section area of fibers indicate synthesis of contractile proteins, including myosin. It also shows that new myofibrils were added to the fiber with the synthesis of such proteins [38] . EDL cross sections analysis showed that some of the control trained animals had lower average areas, but comparing with sedentary animals this reduction was not significant. Therefore, the endurance training without infusion treatment did not cause alterations in the cross section area of the rats' muscle fibers, thus differing from data presented by Harber et al. [39] and Trappe et al. [40] , who related reduction of fiber diameters after endurance training in athletes. These differences can be explained by the type and duration of the exercise protocols along with the differences between species. On the other hand, the association of the plant infusion and treadmill exercise resulted in a significant increase of the average cross section area of the muscle fibers, when compared to the control trained animals.
Testosterone directly stimulates muscle growth by affecting the rate of protein synthesis, protein breakdown, and net gain or loss of muscle. These actions are reportedly mediated by the androgen receptor, which acts as a nuclear transcription factor [41] . In addition, locally produced insulin-like growth factor 1 (IGF-1) was found to increase after acute muscle damage [42] or chronic aerobic exercise [43] , with no changes in circulating IGF-1 [42, 43] . On the other hand, the increase of serum IGF-1 with exogenous administration of growth hormone or IGF-1 does not appear to stimulate fiber hypertrophy in the absence of mechanical loading [44] . A sustained local overexpression of IGF-1 promotes fiber regeneration and hypertrophy through various pathways and has been shown to increase levels of myogenic regulatory factors and contractile protein mRNAs. IGF-1 also seems essential to mediate the loading-induced hypertrophy of skeletal muscle [45, 46] . Based on this information, we believe that more studies are necessary to determine which molecules initiate muscle hypertrophy in trained animals treated with the plant infusion, since the increase of plasma testosterone did not alter muscle fiber morphometry.
It has been assumed that changes in the isoforms of myosin during endurance training can be characterized as quantitative remodeling of the muscle, in that one isoform is substituted by another which is more adapted to the level of strength needed for long duration exercise [47] . In some situations, endurance exercise promoted the transition from rapid to slower contracting fibers. This does not lead to a transformation of type II into type I, but a change within the type II fiber subtypes, in the direction of types IIBIIDIIA [4, 48] , although the type of change will depend on the analyzed muscle. Our findings did not show significant differences in the percentage of the muscle fiber types of the EDL of different experimental groups, despite the trend of increasing IID fibers and decreasing of IIB fibers, especially in trained groups. The tendency of fiber type transformation can reflect the greater oxidative potential in endurance trained animals [49] . Our results differ from the results of Seene and collaborators [4] , which showed significant changes in the myosin heavy-chain isoforms after treadmill training. The association of infusion with endurance training led to an upgrade in EDL muscle fibers anabolism demonstrated by the larger cross-section area in relation to CT group. This effect is very interesting considering that the endurance training alone could be useful to promote selective fiber type hypertrophy [37] , counterbalancing eventual muscle atrophy and sarcopenia often associated with age or post-immobilization [50, 51] . On the other hand, endurance training could induce a decrease in different fiber type cross-section area and relative atrophy of whole muscles, mainly in fasted condition [40, 52] In this study, we found that the association of the plant infusion and endurance training increased volumetric density of mitochondria and capillaries, thus increasing both vascular and oxidative systems of the muscle tissue. However, endurance training alone was not enough to disturb such parameters, which is in disagreement with previous the results of, who demonstrated the increasing of volume density of mitochondria and/or capillaries in muscles of humans and rats after endurance training [53] [54] [55] [56] .
Therefore, the association of the plant infusion with endurance training could have induced capillary angiogenesis within and among skeletal muscles and, since the capillary and oxidative capacities are coupled [57] , with the increased mitochondrial volume density that has been observed. Exercise induced increasing of mitochondrial volume was described first in 1967 [58] . Nowadays, some intracellular transcription factors have been pointed out to be responsible for this adaptive response, including nuclear respiratory factors 1 and 2 (NRF-1 and NRF-2) and peroxisome proliferator-activated receptor  coactivator-1 (PGC-1) [59, 60] . The main signals for mitochondria biogenesis during endurance training are ATP and phosphocreatine decrease, as well as Ca +2 releases from sarcoplasmic reticulum during muscle contraction (E-C coupling) [61, 62] .
V.
Conclusion
The training protocol used in this study did not alter the muscle in control animals; however the association of H. tomentosa and the endurance training protocol resulted in increased mean muscle fiber area, mitochondrial volume density and muscular vascularization. Thus, it can be concluded that the plant infusion and endurance training led to hypertrophy of oxidative muscle fibers and potentially improved the endurance capacity of animals trained and treated during eight weeks.
